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TIIELOS ALAMOS NATIONAL LABORATORY NEUTRON-NEUTRON SCATTERING
PRO(.2QIM

DALE W. GLASGOW, NICHAEL S. NOORE, GEORGE L. MORGAN, NICHOLAS
S. P. KING, KEITH R. ALRICK, MARLJU’4L. SHEPARD, J. RGBERT
STKEETMAN, GERALD Mo HALE, JAY H. NORMAN, L. RAY FAWCETT,
AND CHARLES Do 30WMA~l
LOS ALAMOS NATIONAL LABORATORY, LOS ALAMOS, NEW MEXICO, LU3A

AND
JACK A. HARVEY, NAT W. HILL, AND I’OBEYT R. SPENCER
OAK RIOGE NATIONAL LABORATORY, OAK RIDGE, TENNESSEE, !lSA

AllSTILACT A theoretical and experimental. program is underway
to determine the feasibility of a .reasurement of the neutron-
neutron scattering cross section of 10-12% uncertainly using
sma.11-anxle, low center-of-mass energy, colliding n~utron
beams derived from a fusion-fisslcm nuclear source. The
neutron-neutron scattering length would be infe~r~d from the
measured cross sec~ionso The Ef211Ci-fll COiICCpL Of t.hd
cxpcrlrncnts and progress are discussed.
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values that disagree by four standard deviations, and lie on either
side of ~ , giving FO

Y
clear indication of charge symmetry breaking

in the nuc eon-nucleon force. Theoretically, ann is expected to
exceed app by about 1 fm due to charge symmetry breaking. The
situation is summari~ed in Figure 1, which is taker. from the w rk
of Gabioud, who performed the latest 211(1[~y)nn measurements. f

The dashed horizontal line is a “world average” (-16.6 + 0.6 fm) cf
the kinematicall.y complete ●xperiments, and the last point (-18.6 t
0.45 fm) is Gabioudfs value
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THE LOS ALAMOS NATIONAL LABORATORY NEUT-NEUT SCATTERING PROGRAM

N-N SCATTERING EXPERIMENT

The general concept of the experiment is shown 12 Figure 2.
Neutrons from the source will transport through t~o heavily
shielded, collimated, evacuated, intersecting lines-of-sight (LOS)
to a colligion volume in an evacuated tank. For simultaneous
beams, collision kinematics dictate that all n-n scattered
neu~rons will be confined within 8 forward right circular cone
whose surface is generated by rotating the LOSIS about the axis
of symmetry. Those neutrons scattered along the edge of the cone
will be monoenergetic. by placing p&irs of ident~,cal detectors,
one just inside the cone surface and one just outside, the inside
detector signal current will consist of nearly monoenergetic
scattered neutron foreground plus background and the outside
detector signal. current will be background only. The uncollidcd
neutrons are transported through two LOS’S to two time-of-flight,
recoil-proton spectrometers which are used to determine the
respective ciifferential velocity spectra N(vi) at the collision
volume. These neutrons will be transported further to a CH2
scatterer in one LOS and a C scattered in the other LOS in good
geometry. The attenuated neutron flux in each LOS is then measured
and the n-p cross section is inferred. This provides a check on
the spectrometer experimen~s. Signal currents from the n-n
sca~tered neutrons and background neutrons are generated in
scillt.illator-photomultiplier neutron detectors positioned as
described earlier. The sctit~ering system is laser aligned before
Suurce zero tim~. ‘llleneutron beam profile a~ tilescattering
volume is de~crmined via an imaging experiment. The entire
scattering experiment is positioned lNSICICof an extremely rigid
presaurizcd tank 2.4m diameter by 36m lmg. This tank in turn
sits on an I-hcam structural’, The n-n scattering cross section is
extracted from u ~cilttcrillg lntcgral and the an,, from the

elfcctivc range iipl)ro.~im:ltf.oll.
This small-unglc (3.8’)),colliding ncutrm beam expe~iment has

four pariuuount features: (1,)‘1’llocntlr(? pulse of n-n events is
tllruwnshnrply fouward into a V(!l”y n:lrrow kinemntlc cone w~tll hi~tl
cuncentr~tic]n of n-n nvl’nts nc~l- the edge of the Conep (2) the n-n
dctt?ctor ~igu~l to hJotvopic background vnrlcq as tlw ratio 2/(1-
cos (x)=3600/1, (3) (;McuJ.llsion enrr~lcs of 38-4.4 kcV arc producccl
for ;ippronctllngne(ltron cll~?r};lcs,111tll~lill)OT?LltOKy system, c)f
14-2 rlcv. TI)ulow (;M uolllsIcJn L?IIcrg~rs guilr~ntec~ S-W[lVC

Scdtf:crliq;Wlll(:llslmpllf~es tllu CXtrilCt~Oll Of ilnn, (4) Tilt’11-11
t+cnLLcrJllg tilk(lH ])]. iIc!L’ nt low (N enurgl.c’tiwII1lc!tllcdcte(:t.lonof
t]lu11-11sc{ltt[!r[,ngCVL!ll~$ltukl?sl)],nc(?:Ithigh lnbnrutory e~lrr[;ics.
‘J.’llilH,f:llcI[Ic!I:l’1’I.(1(1IlCIILrtIII$I otlrr~lcw! I’IIC1 b:lckpround Ilc[ltrons
pr~)dllredlll~:lrtill:~cntturl.llgVOIUM(’O
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Figure 2. N-N Scattering geometry

equations for small-angle , colliding neutron beams produced by
simultaneous (l-2 ns) and nonsimultaneous (4-8 ns) beams; 2.
Calculation of Che scattering volume produced by colliding neutron
beams emanating from a poir.tsource; 3. Monte Carlo calculations of
the diffuse-boundary, scattering volume produced by colliding
neutron beams emanating from a finite size source with neutron
penetration of the collimation systems; 4. N_N interac~ion rates,
detector currents and locations, time and energy dispersion, and #
neutrons/energy resolution width, for a point and finite size
source, scattering vnlumc and detectors; 5. Unique current
signatures from the n-n scattering foreground and background
detectors; 6. Uncertainties in measuring 10-12% n-n scattering
cross sections; 7. Many successful tests of tileTOF recoil-pro:on
spectromct.ers, and overall. simultaneous Operation of hundreds of
wide-band oscilloscopes slid computer-controlled, cli}~italdata
recording systems; 8. Three-dimensional design of the entire
geomccrical systcm using color graphics computer-ajded design; 9.
Monte Carlo simulation of radiation trauspnrt through the LOSS,
shielding;, scacterlng tunk, sllild~w sl~f(?lrls,rc-emergent neutrun

cavities and beam dumps witlI LhC production of foreground sign:l.ls
from the 1,0Ss aml backgrounds from LhIJ +IIIleldinH, ctc,
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